We report on a series of three children who presented with a focal cerebrospinal fluid collection within the periventricular white matter of the temporal and occipital lobes in the setting of high-grade obstructive hydrocephalus. Magnetic resonance imaging showed a focal defect within the ventricular wall associated with leakage of cerebrospinal fluid into the adjacent white matter. The white matter tracts appeared primarily displaced. This entity should be referred to as ventricular pseudodiverticulum, not lined by ependymal cells, in contrast to a true ventricular diverticulum in which the cerebrospinal fluid is contained by a focal outpouching of the intact ventricular wall lined by a dilated and prolapsed layer of ependymal cells. Correct interpretation and classification of the findings may be helpful in predicting prognosis and outcome.
Introduction
Non-communicating hydrocephalus is a potentially life-threatening condition caused by hemorrhagic, infectious, inflammatory, malformative or neoplastic obstruction that prevent the physiological cerebrospinal fluid (CSF) circulation from the ventricles towards the subarachnoid spaces. CSF production continues, despite the obstruction, resulting in progressive dilatation of the ventricles and subsequent increase in pressure within the ventricles and cranial vault. Progressive ventricular dilatation may compress the adjacent brain parenchyma. 1 Long-standing highgrade hydrocephalus may result in periventricular white matter loss. Occasionally, focal CSF-filled cavities are noted along the ventricles. These lesions can be the consequence of neuroendoscopic procedures, shunt placements, hemorrhagic complications or clinically silent focal ischemia. 2 However, in rare occasions these CSF-filled cavities are neither within a welldefined vascular territory nor appear to be secondary to a neurosurgical intervention or previous focal hemorrhage. The objective of this case series is to report on the imaging findings of three children with 'uncomplicated' periventricular CSF collections within the periventricular white matter.
Patient description
Clinical and neuroimaging findings Case 1. A 3-year-old boy presented to the emergency department with a 2-week history of balance disturbance. Imaging evaluation by head computed tomography (CT) revealed a fourth ventricular mass lesion with secondary high-grade obstructive hydrocephalus. He underwent suboccipital craniotomy for resection of a pilocytic astrocytoma, including duraplasty. He experienced no complications from the procedure. Physical and neurological examination subsequently revealed no deficits. Follow-up magnetic resonance imaging (MRI) after 2 years showed no signs of recurrence. Neuroimaging ( Figure 1 ) showed nearly symmetrical CSF collections within the periventricular white matter of both occipital and temporal lobes. These fluid collections communicated with the atria of both lateral ventricles through a focal ependymal defect. The overlying temporal and occipital cortex appeared splayed but intact. The main axis of extension followed the orientation of the main white matter tracts. On follow-up, after surgery and decompression of the hydrocephalus, the CSF collections decreased in size. On diffusion tensor imaging (DTI), the main white matter fibers appeared displaced but intact. No hemosiderin staining was noted along the lesions to suggest previous hemorrhage. Case 2. A 3-month-old boy presented with meningitis, subdural empyema and secondary hydrocephalus. He was adequately treated with antibiotics, but experienced persistent headaches. An MRI examination at 10 years of age showed high-grade stenosis of the Sylvian aqueduct for which he underwent endoscopic third ventriculostomy. The headache resolved after the intervention and follow-up at 12 years of age showed complete resolution of the symptoms. MRI ( Figure 2 ) showed, similar to the first patient, CSF collections within both temporal lobes, which communicated with the lateral ventricles. Again, no hemosiderin staining was noted to suggest remote hemorrhage. The lesions followed the course of the white matter fibers and the overlying cortex was thinned but intact. Case 3. A 5-year-old, former 30-week premature child with a history of intraventricular hemorrhage in the neonatal period, presented to the emergency department due to seizure. CT scan performed at an outside facility revealed high-grade hydrocephalus and a left-sided CSF collection. He had no signs of elevated intracranial pressure. Repeat MRI (Figure 3 ) at our institution showed moderate residual ventriculomegaly as well as a CSF collection within the periventricular white matter of the left temporal lobe, which communicated via a small ependymal defect with the ipsilateral, adjacent left temporal horn. The overlying cortex was thinned but intact. No hemosiderin staining was noted to suggest previous hemorrhage.
Discussion
We present three children with similar focal periventricular CSF collections along the temporal-occipital horns of the lateral ventricles. All children had a long-standing history of high-grade hydrocephalus. The fluid collections appeared to follow the principal course of the white matter tracts within the occipital and temporal lobes, and were communicating with the adjacent lateral ventricles through an ependymal defect. Based on the imaging findings, these lesions most likely reflect pseudodiverticula of the dilated ventricles in which CSF herniates into the brain parenchyma through a small defect within the ventricular, ependymal lined wall. The CSF follows the main course of the fibers within the temporal lobes and appears to displace or dissect the fibers along the periphery of the fluid collection. The fractional anisotropy map identified the intact displaced white matter tracts along the periphery of the lesion.
These pseudodiverticula should be differentiated from previously described focal intraparenchymal ventricular diverticula. The pathogenetic hypothesis of intraparenchymal ventricular diverticula is still debatable. [3] [4] [5] Intraparenchymal ventricular diverticula are known to occur in patients with chronic obstructive hydrocephalus without an identifiable focal surgical, vascular or traumatic etiology. 3 Intraparenchymal ventricular diverticulum refers to focal outpouching of the ventricle lined by a prolapsed ependymal layer that typically resolves after treating the hydrocephalus. 6 Intraparenchymal atrial diverticula are usually the result of obstructive lesions in the anterior portion of the lateral ventricle, the foramen of Monro, and the anterior portion of the third ventricle. Atrial diverticula may also occur along the suprapineal and infrapineal recesses of the third ventricle, and the superior portion of the fourth ventricle. [7] [8] [9] They usually expand into the supravermian cistern, where they have to be differentiated from infratentorial arachnoid cyst. 10 The expansion of the pia and arachnoid membranes towards the supracerebellar region is believed to originate through the tela choroidea of the temporal choroid plexus or of the antral choroid plexus. 6 Our case series shows that intraparenchymal ventricular pseudodiverticula may be seen in pediatric patients with obstructive hydrocephalus. In our series, these pseudodiverticula were all located within the temporal and/or occipital lobe region. A possible explanation is that the ventricular wall stretching due to increased ventricular pressure causes progressive shearing and weakening of the ependyma, with subsequent herniation and disruption of the ependymal layers into the subarachnoid spaces. Leakage of CSF into the adjacent periventricular white matter may progressively dissect white matter bundles. 11 A recent study suggested that the presence of ventricular diverticula at the level of the temporal horn might also be explained by the less compact packing of the subependymal white matter bundles in this region. 3 Ventricular pseudodiverticula must be differentiated from classic porencephalic cysts secondary to periventricular ischemia or hemorrhage. In porencephalic cysts, periventricular white matter tracts are damaged or interrupted. DTI may be capable of differentiating between a porencephalic cyst with interrupted fibers and a pseudodiverticulum or true ventricular diverticulum in which the fibers are intact but displaced or splayed apart by the focally accumulating CSF leaked from the ventricles.
The clinical significance of these pseudodiverticula or true diverticula remains unclear. Previous studies reported the presence of focal deficits related to the enlargement of true diverticula. 12 All of our three patients had symptoms mostly related to the presence of obstructive hydrocephalus and increased intracranial pressure, such as headache or gait disturbances. However, as the neurological evaluation might underestimate the potential evolution of intraparenchymal ventricular pseudodiverticula, minor fluctuations of cognitive performance could have been missed.
In conclusion, this study reports the occurrence of intraparenchymal ventricular pseudodiverticula in three pediatric patients as a result of high-grade obstructive hydrocephalus. Early recognition of this entity and correct differentiation from true diverticula and porencephalic cysts may help to predict functional outcome.
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